SUMMARY -Th e aim was to evaluate the incidence and characteristics of central nervous system tumors in patients hospitalized at the Department of Neurology, Split University Hospital Centre, during a 10-year period. Th e study included data on 859 patients with the diagnosis of central nervous system (CNS) tumor. Diagnosis was based on the routine CNS neuroimaging methods (computed tomography/magnetic resonance imaging). Access to patient medical records provided demographic and clinical data, continued by collection of data on potential lethal outcome of patients at the Registrar's Offi ce. Th e study was conducted at the Department of Neurology, Split University Hospital Centre, from January 1, 2004 to December 31, 2013. Th ere were 448 male and 411 female patients. Median age at the diagnosis was 65 (range, 18-95) years. Primary CNS tumors were diagnosed in 527 patients, including 30 primary recurrent tumors, whereas 328 patients had metastatic tumors; in 4 cases, it was impossible to determine whether the tumor was a primary one or metastasis based on CNS neuroimaging. Th e primary tumors proved to be more common than the metastatic ones (χ 2 -test, p<0.05). Multiple tumor transplants were more common than solitary (211 vs. 117; the conclusion was made at a 95% level of confi dence; χ 2 -test, p<0.05). Th e majority of metastases originated from the lung (bronchus and pleura cancer; 46.41%; χ 2 -test, p<0.05; 95% CI). Th e most common localization of CNS tumors was supratentorial. Based on the double-logarithmic model, we proved with statistical signifi cance that there was an increase in the incidence of CNS tumors (p=0.001). Th e most common tumors studied were supratentorially localized meningiomas.
Introduction
Central nervous system (CNS) tumors are a unique, heterogeneous group of benign and malignant tumors 1 . What makes them unique is that they all are malignant by localization, regardless of their malignant potential. Any expansive process inside the skull or spine can cause focal neurological defi cit, quantitative disturbance of consciousness, or death 1 . Th erefore, although they are not the most common neoplasms in the adult population, the consequences can be devastating, hence their importance 2 . Th e etiology of these tumors is still unknown. Th e proposed oncogenesis mechanism is considered to be an interaction of harmful environmental factors, hormonal infl uences, inherited abnormalities, and acquired genetic mutations 3 . Men, especially of older age, are aff ected more often than women 1, 4 . However, meningiomas and acoustic neuromas are more common in women 4 . Furthermore, CNS metastatic tumors frequently occur in males as lung cancer; the most common origin of brain metastases is more frequent in males 5 . According to literature data, meningiomas are the most frequent type of brain tumor, followed by gliomas (among them, glioblastoma multiforme is most common) and pituitary tumors 6 . Recent epidemiological studies conducted among diff erent populations show a steady increase in the incidence of these tumors in both sexes 1, 4 . Th e increasing incidence and specifi c localization make CNS tumors one of the greatest public health and medical problems. Th e aim of this study was to investigate the morbidity of CNS tumors during a 10-year period for a population of patients 18 years of age or older who were treated at the Department of Neurology, Split University Hospital Center (UHC) from Split, Croatia. Split UHC is a medical institution that is the leading regional center for the entire area of the Split-Dalmatia County. According to the 2011 census, the Split-Dalmatia County has 455,242 inhabitants (352,351 older than 18 years), but Split UHC also treats a large number of patients from other parts of southern Croatia and neighboring Bosnia and Herzegovina, as well as many tourists during the summer tourist season.
Subjects and Methods

Structure and subjects
Th e research was performed at Department of Neurology, Split UHC. Th is was a historic prospective study. Data on patients with CNS tumors diagnosed during a 10-year period ( January 1, 2004 to December 31, 2013) were collected from the patient medical records. Data collection continued until May 31, 2014 regarding the potential lethal outcome in subjects according to the archives of the Administrative Authority in the Split-Dalmatia County (Split Statistics Offi ce, Department of Personal Status of Citizens). Inclusion criterion was the diagnosis of CNS neoplasms confi rmed by standard neuroimaging methods (computed tomography [CT]/magnetic resonance imaging [MRI] ). In most cases, it was suffi cient to classify tumors according to their assumed histology. Th ere were no data on defi nitive diagnosis based on biopsy. Patients were included in the study when the diagnosis of CNS tumor was made but it was impossible to precisely diagnose tumor type (primary or metastatic), or if this information was missing. Exclusion criteria were neuroradiological diagnosis of vascular malformation, hygromas, or cysts that imitated CNS neoplasms on radiological images or during clinical presentation. Another exclusion criterion was the diagnosis of CNS tumor outside the study period, regardless of whether the patient was hospitalized during the observed period due to complications of disease or some other reason.
Statistical analysis
Th e data collected during the study were incorporated in the previously constructed database in Microsoft Excel 2010 and then processed in Statistica 10 (StatSoft Inc., Tulsa, OK, USA) using the χ 2 -test. Th e results were interpreted at a signifi cance level of p<0.05. Th e double-logarithmic model was chosen as the most optimal statistical model for answering the basic research question of whether an upward trend in the incidence of tumors of the CNS existed. Th e equation model is as follows: Y t =ß 0 * X t ß1 , where X is the time variable (the independent variable that has a continuous fl ow) and Y is the dependent variable that indicates the expected number of patients with development of tumors during the time unit t. On the basis of the F-value in the analysis of variance (ANOVA) table, it was concluded that the double-logarithmic trend model was statistically signifi cant at a confi dence level of 95% (p=0.001).
Results
Of the total of 26,805 patients treated at the Department of Neurology, Split UHC from the beginning of 2004 until the end of 2013, 859 patients were included in the study; there were 448 (52.15%) male and 411 (47.85%) female patients. We found no statistically signifi cant diff erence in the overall incidence of CNS tumors (χ 2 -test, p=0.0507) between the two genders. Th e median age at tumor presentation was 65 (range, 18-95) years. Th e most common age of patients at the time of diagnosis was 66 years (32 patients).
In 527 patients, primary CNS tumor was diagnosed and, among these, 30 had a primary recurrent/ residual tumor, which means that the tumor appeared again after being previously treated at the same site or its residue remained there. Th ere were 328 (38.18%) patients with metastatic tumors. In four (0.47%) patients, it was impossible to distinguish based on radiological presentation whether the tumor was a primary or metastatic tumor, or if the data were incomplete. Interval assessment determined that the primary CNS tumors were signifi cantly more frequent than metastases (χ 2 -test, p<0.05). Th e conclusion was made at a confi dence level of 95%. Out of 328 patients with metastatic tumors, 117 had solitary transplants and 211 had multiple transplants (χ 2 -test, p<0.05). According to our results, the most common primary origin of metastatic CNS tumors was the lung (bronchial and pleural tumors; 46.41%; χ 2 -test, p<0.05). In our study, the most common presenting sign of CNS tumors was muscle weakness (n=387), followed by epileptic seizures (n=175), headache (n=136), various types of speech disorders (n=121), ataxia (n=91), quantitative and qualitative disorders of consciousness (n=86), visual disturbances (n=68), nausea with vomiting and dizziness (n=68), pain in lumbar spine (n=32), and memory disorders (n=28). We also recorded some rare presenting signs and symptoms such as hyposmia, dysphagia, weight loss, dyscalculia, dyslexia, and incontinence. In 31 patients, the tumor was diagnosed accidentally after patients were referred to the hospital for suspicion of Parkinson's disease or stroke.
Th ere were 806 intracranial (χ 2 -test, p<0.05; 95% CI) and 52 spinal tumors. In one patient, the tumor aff ected both the brain and the spinal cord.
In our research, the most common type of primary CNS tumor was meningioma (Table 1) . Th ey were found in 193 patients (36.62% of all primary CNS tumors). Among them, 104 were females and 89 were males. Th ere was no statistically signifi cant diff erence in meningioma morbidity according to gender (χ 2 -test, p>0.05; 95% CI). Th e second most common tumor was glioblastoma multiforme, which was diagnosed in 105 patients (19.92%; 57 males and 48 females) and yielded no statistical signifi cance in morbidity rates between sexes (χ 2 -test, p>0.05; 95% CI). Other types of astrocytomas were the third most common tumor type. In 85 cases, it was impossible to determine the Finally, the results of our study confi rmed the increasing trend in the incidence of CNS tumors in the Split-Dalmatia County during the 10-year observation period. Although the number of new cases showed an irregular increase for each subsequent year, by using the double-logarithmic model based on the real data collected, estimated numbers of new cases were calculated for each year (Table 2 ). In the second column in Table 2 , the numbers of newly diagnosed CNS tumors are shown by year. Th e third column in Table 2 contains the expected values of the estimated trend model, whereas the fourth column shows residual values, i.e. diff erence between the real and expected values.
Discussion
Th ere was an increasing trend in the incidence of CNS tumors in patients hospitalized at the Department of Neurology, Split UHC from January 1, 2004 to December 31, 2013 (Fig. 1) . Th e increase in the CNS tumor incidence was also observed in developed countries (Australia/New Zealand, Europe, North America), but a low incidence was observed in Africa 5 . Th is fi nding raises the question of its cause; is it artifi cial or real? It can be explained simply as a consequence of the general social progress in developed countries, but several factors must be taken into consideration. Th e fi rst factors are better sensitivity and greater power of the new generation of CT/MRI devices, which enable higher spatial resolution when analyzing nervous tissue and blood vessels 5 . Other factors playing important roles include wider accessibility of neuroradiological units, easier access to medical health care, and a growing number of neurologists in developed countries (better recognition of clinical symptoms of CNS tumors) 5 . However, it seems quite plausible that the verifi ed increased incidence of CNS tumors might be real and related to the modern way of living and rapid environmental changes. During the 10-year period observed, the most common tumors of the CNS were primary tumors. In our study, they were almost two-times more frequent than secondary tumors; this is not in accordance with the majority of literature reports, where metastatic tumors are referred to as being 10-times more frequent than other tumors 7 . Th e possible explanations for this fi nding might be that primary tumors of other localizations (e.g., lung cancer) are treated at other departments, and if they progress to CNS, then these metastases are recorded somewhere else.
Meningioma (n=193) was the most common type of primary tumor; its highest frequency was recorded in 2011, when it was diagnosed 28 times, and its lowest frequency was in 2004, when 12 meningiomas were diagnosed. It was followed by glioblastoma multiforme (n=105). Completely diff erent results were presented in an epidemiological study that investigated the incidence of CNS tumors in the Karlovac area (central part of Croatia) during the 1995-2010 period; it was demonstrated that glioblastoma multiforme was the most common primary neoplasm of the CNS and was almost three-times more frequent than meningioma 8 . Also, secondary tumors were cited as the most common type of tumors of the CNS in the same study 8 .
Th e results of a research conducted from 1996 to 2004 in Varaždin County (northern part of Croatia) coincided with our results because they found primary CNS tumors to be more common than secondary ones 9 . Th e same was reported in the epidemiological study conducted in the region of Labin (Istra County) 10 .
In a study performed in neighboring Bosnia and Herzegovina (where the capital is Sarajevo), a 10-year period (1990-1999) was studied; the results obtained were also consistent with ours, reporting the primary CNS tumors being most common 11 . Th e obvious diff erences in the results of various studies emphasize the importance of continuous search for diff erent risk factors, particularly environmental ones, that might be related to the CNS tumor oncogenesis.
Th e Central Brain Tumor Registry of the United States (CBTRUS) in statistical reports from 2006 to 2010 also states that meningioma is the most common primary neoplasm of the CNS, with an incidence of 7.44/100,000 compared with 3.19/100,000 for glioblastoma multiforme 6 . In our study, the mean age at tumor diagnosis was 62.94±14.62 years. In Puerto Rico, it was 52.4 years, in Georgia (Eurasian country) it was 48.9±18.1 years, and in the United States it was 79.22 years [12] [13] [14] . Th e observed age diff erences are explained as a result of diff erences in the organization of health care, i.e. development and accessibility of health care, as well as the standard of living and the average life span.
It is very important to analyze the average age at CNS tumor diagnosis because the responsiveness of brain tumors to chemotherapy is age-dependent 15 . In vitro studies have shown the sensitivity of tumor cells to chemotherapeutics in seven of eight cases in patients younger than 50 years, whereas tumor cells in patients older than 50 responded to therapy only in one of eight of cases 15 . In our study, the ratio of aff ected men and women was almost the same, with 52.15% of male compared with 47.85% of female. Th ese results correspond to the fi ndings obtained by a group of scientists who explored the region of Gorski Kotar (western Croatia) and the neighboring islands during the 1977-2000 period 16 . Interestingly, while examining the literature, we found the research by Murray et al., which suggests that tumors of the CNS are more common in women than in men (58% vs. 42%) 14 , as well as the study by Bhurgri et al., which, in contrast, indicated that men were aff ected more often than women (ratio, 1.6:1) 4 . In our study, no statistically signifi cant sex diff erences were found in the overall and specifi c morbidity. Th e results of the analysis of metastatic tumors showed that multiple transplants were more common than solitary transplants. Th eir predominant origin was the lung (bronchial and pleural tumors), followed by breast cancer and malignant melanoma, which is fully in line with the fi ndings reported in the literature [17] [18] [19] . Lung tumors metastasize very early, within the fi rst 2 years, and 10% of patients with small cell lung carcinoma already have CNS metastases at the time of diagnosis of the primary tumor 20 . It is estimated that in 30% of patients with cancer of some other site, the cancer will eventually spread to the brain 21, 22 . Data in the Cancer Registry of the Croatian Institute of Public Health show that the mean incidence of primary CNS neoplasms from 2004 to 2011 in Croatia was 13.5/100,000 (data for 2012 and 2013 are not yet available), and according to our results for the same period it was 11.07/100,000, which corresponds to the current trends in the world (11.5/100,000) 23 . Future studies of this issue should improve the understanding of risk factors important for the origin of CNS tumors and explore the eff ect of active and passive smoking, eff ects of alcohol consumption, eff ects of exposure to radiation, eff ects of cell phone usage, effects of diet containing genetically modifi ed organisms, and many others. However, because the majority of the patients included in our study had arterial hypertension, hyperlipidemia, or diabetes, or a combination of these, future investigations should consider the infl uence of the metabolic syndrome or its components in human carcinogenesis, especially when acting through systemic oxidative stress with increased values of free fatty acids and free radical oxygen species 24 .
Study limitations
Th e main limitation of this study was the possibility of whether the diagnosis of CNS tumors during the observed period may have been made in the Department of Neurology, Split UHC. More precisely, we believe that the incidence of CNS tumors observed during the 10-year period in the catchment population of the Split UHC as the leading regional health center could be even higher than that displayed by this research. Th e explanation lies in the fact that some CNS tumors were diagnosed in other institutions or in the emergency neurology ward, which then referred these patients to other departments for further treatment or to home care without being admitted to the Department of Neurology. However, because of the long, 10-year period of observation, the possibility of making errors when assessing CNS tumor incidence was minimized. Another drawback is related to the retrospective character of the study and the fact that tumors were classifi ed according to their neuroimaging features and presumed histology, not on histopathologic examination. Finally, the possible limiting factor is that data were obtained from the Split Registry Offi ce. We found whether a particular patient from our study was alive, but we could not obtain the date of death, which is necessary to establish the exact length of survival with a particular diagnosis.
Conclusion
Based on the double-logarithmic model, we proved with statistical signifi cance that there was an increase in the incidence of CNS tumors observed during the 10-year study period (p=0.001). Th e most common tumor in our study was supratentorially localized meningioma.
